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ABSTRACT
In today’s increasingly technologically-driven classroom, exploring whether computer-assisted
instruction ensures students gain critical mathematic skills is an important area of study. The
purpose of this study was to explore the effect of computer-assisted instruction in learning
manipulation of fractions. This study used archival data collected in August 2021 (pre-test) and
January 2022 (post-test). Sixty-nine fifth-grade students in a middle school in rural Mississippi
were participants in the study. This quantitative quasi-experimental pre-test/post-test control
group design analyzed data from the i-Ready diagnostic using an Analysis of Covariance.
Results indicated a significant difference between the post-test scores of students who received
interventions and those who did not receive interventions when controlling for the pre-test
scores. Results indicated that computer-based interventions have a significant impact on student
learning. Further research is recommended to explore the impact across grade levels.
Keywords: Computer-assisted instruction, computer-based instruction, mathematics, fact
fluency, learning disabilities, middle grades, fractions
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CHAPTER ONE: INTRODUCTION
Overview
Educators search for ways to reach their students daily. Technology has had an everincreasing place in the search since the personal computer became readily available in K-12
schools. Since then, developers have created programs and applications to teach students various
subjects and assist teachers in the education of students as supplemental instruction. The
researcher conducted this study to help determine if this supplemental instruction was beneficial
to fifth-grade mathematics students. This chapter includes further background, problem
statement, purpose statement, the significance of the study, research questions, and operational
definitions.
Background
Electronic devices, such as tablets, Chromebooks, and laptops, have become readily
available to K-12 students today. Therefore, technology is comfortable and familiar to them and
has become a standard method of providing additional instruction to students in classrooms
across the United States (Cheung & Slavin, 2013; Craig, 2000; Crawford, Higgins, HuscroftD’Angelo, & Hall, 2016; Wu et al., 2017). Computer-assisted instruction (CAI) is one way
technology is integrated with student learning. Yet, it is not clear how effective computerassisted instruction is for enhancing student learning of mathematics, especially fractions.
Following the Common Core State Standards (CCSS), Mississippi teaches three standards
involving fractions beginning in third grade. In the fourth and fifth-grades, CCSS recommends
that Mississippi teach seven standards involving fractions in each grade (Mississippi Department
of Education (MDE), 2016, 2020a). Teachers have used various methods to teach fractions, but
according to data from the Mississippi Academic Achievement Program end-of-the -year state
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mathematic assessment, students frequently do not show mastery of the standards, which include
fraction skills or knowledge (MDE, 2019). This lack of mastery of fraction skills threatens
students’ future educational growth.
History
Today, federal government mandates make it necessary for public schools to use
Common Core State Standards (CCSS) to be eligible for federal funding (United States
Department of Education (USDE), 2005). One of the many mathematic standards entails
teaching fractions. Therefore, given these high-stakes, teachers need to use best instructional
practices to help students meet this standard. Various authors have asserted that CAI is the best
practice for teaching math skills, but there is no unanimity on using CAI for teaching fractions
(Childers & Lu, 2017; Craig, 2000; Crawford et al., 2016; Hawkins, Collins, Hernan, & Flowers,
2017). The best practices are still being developed, researched, and studied to determine what is
best for the students of the technology age.
Historically, former President Barack Obama ushered in many federal programs which
were mandated to help provide the resources for students to learn the skills for STEM (Science,
Technology, Engineering, Mathematics). The STEM federal program mandate contained muchneeded financial assistance to help school systems develop the infrastructure to support a
computer-rich environment and purchase the computers and other technology for classroom use.
Funding sources, such as grants and endowments, have given education systems the fiscal
security to purchase individual computers, classroom smart boards, computer labs, robotics
clubs, and a multitude of other items for educators to use in their daily instruction of the STEM
standards. Many schools have developed a one-to-one technology system where all students are
issued their own computers to use throughout the school year and even post-graduation. STEM
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educational and financial resources have helped bring students 21 st-century technology and
resources. The students are able to use the technology and resources to increase their
achievement and knowledge of any subject (USDE, 2019). STEM-focused education has funding
that can benefit students by helping provide the technology needed to entice, encourage, interest,
and focus students on learning mathematics.
Technology has transformed the way mathematics is taught in schools across the nation.
Using computers in education has revolutionized the teaching and learning process, especially in
mathematics. Many websites, programs, applications, and software are dedicated to teaching or
assisting in the teaching of mathematics (Kaur, 2016). These resources may help present the
mathematic skills in a way with which the student can identify and master to proficiency. The
discovery of numerous ways to deliver this instruction is one of the many reasons research of this
nature should be completed.
Mathematics has the potential to cause anxiety in students who believe the topic or
standard to be learned will be complex (Zengin & Tatar, 2017). This anxiety will cause the
student to feel inadequate in their mathematic skills and possibly hinder their learning of the
skills in the future. In the Zengin and Tartar study (2017), students who showed anxiety in
mathematics usually continued to have this feeling of inadequacy in mathematics throughout
their entire lives. Stoehr (2017) suggested this feeling of anxiousness will continue throughout
life if not addressed early in the educational process. Students with Attention Deficit
Hyperactivity Disorder (ADHD) tend to have anxiety when faced with new tasks and skills
unfamiliar to them, especially mathematics skills. Canu, Elizondo, and Broman-Fulks (2017)
studied college students with ADHD to determine when and how their mathematical anxiety
began and ways to address this anxiety and difference in the learning of math skills. One method
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suggested is to use computer-based instruction or CAI to reinforce a learned skill and provide
practice for new skill development. Reinforcement is beneficial to all, as it verifies that their
efforts are helping them learn new skills. This reinforcement works well with students with
ADHD and those without it. Therefore, multiple authors report it is not only helpful but
transformative when technology is integrated with the teaching of various mathematical skills.
According to Kaur (2016), there are challenges in using computers and other technology
in the classroom. Kaur discussed one challenge: many older teachers prefer to continue teaching
in their way and tend to bypass the technological route of information dissemination and
instruction. They choose to teach in the pencil-paper direct teaching way rather than using or
allowing students to use technology to learn the lesson information. Kaur reported America’s
education system and educators are expected to embrace technology, but educators are more
comfortable with traditional technology. Traditional technology may include calculators, audio
and video projectors, televisions, overhead projectors that use transparencies, and textbooks. The
challenge to these traditional teaching methods is “inadequate, insufficient to produce required
results” (p. 249). Crawford et al. (2016) found the use of computers in instruction to have a more
positive outcome than just using a face-to-face type of instruction to teach mathematics.
In 2010, Roschelle, et al., completed a review of studies that showed a significant
increase in student mathematic achievement. These studies involved middle school students and
several types of technology, including calculators and computer software. This review showed a
positive impact on the use of technology and the increase in mathematical skills. Childers and Lu
(2017) completed a study involving students enrolled in developmental mathematics classrooms.
Their study found that using a mastery-based computer program did not necessarily show
significant gains in student achievement in mathematics. Wu, Kuo, and Wang (2017) completed

16
a study involving computerized tests to individualize mathematic learning. They compared three
groups that used different treatments to determine the best intervention for learning. They chose
a computer program that used individualized prompts to help students gain skills, which helped
them post higher performance scores than the other two treatment groups. A study completed in
2017 by Hawkins, Collins, Hernan, and Flowers discovered that computer-assisted instruction
could improve math fluency. Though this improvement is promising, the choice of programs is
overwhelming, and many do not know where to begin with the instruction or how to choose a
program. Many of the studies indicated that computer-assisted instruction can be helpful with the
mastery of mathematic skills, but a few indicated there is little help from computer-assisted
instruction. Reasons for this discrepancy may be flawed studies, confusion as to what program
would be best, or even students not trying to increase their abilities, which show no improvement
in their skills on post-test assessments.
High-stakes testing was mandated by the No Child Left Behind Act (NCLB) (United
States Department of Education, 2015a) and the Every Student Succeeds Act (ESSA) (United
States Department of Education, 2015b). This mandated yearly high-stakes testing occurs in
most states in grades three through twelve of K-12 educational institutions. According to Fyfe,
Rittle-Johnson, and Farran (2019), this testing was designed to hold teachers and students
accountable for the mastery of common core knowledge that all students must learn to be
considered successful. They discovered that students from low-income homes are more unlikely
to meet this standard of mastery and risk falling behind in their education. Their research showed
that 76% of students in the fourth grade from low-income families are below the passing level in
math for these state standardized tests. This gap in achievement shows there is a struggle for
students to gain proficiency as they grow older and advance in school.
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Society-at-Large
Society-at-large was affected by the effects of COVID-19 during the 2020 and 2021
school years. These effects jeopardized computer-assisted instruction on mathematics instruction
by threatening (1) school accreditation, (2) inadequately prepared students for future jobs and
higher education, and (3) the community economy. The snowball of school accreditation failure
or success can directly affect the local community’s economy. The community’s economic
health stems from the past and present success of the local school system. Essentially, a healthy
school equals a healthy and growing local economy (Hanushek, 2019). School accreditation is a
lengthy process outlined in the Mississippi Public School Accountability Standards, which
includes students taking end-of-the-year high-stakes tests. These end-of-the-year cumulative
assessments test students on the appropriate grade-level standards set forth by the Mississippi
State Department of Education (MDE, 2020b). MDE’s school accreditation directly links
passage rates of students in grades 3-12 in various subjects to the accreditation scores of the
school; therefore, this topic is directly related to a societal issue. MDE grades K-12 schools as to
whether they are deemed to be successful or unsuccessful schools. One way is determined by
whether students meet annual yearly progress and growth. Students’ scores on the high-stakes
tests determine the success of a school. Mississippi considers the annual high-stakes testing to
“represent how well students are performing in math and English language arts” and whether
they are meeting expected growth (MDE “District and School Performance”, 2019, para. 4). The
tests are not supposed to represent how well a particular student performs or how well a specific
teacher teaches. Still, most seem to believe if a school is a lower-performing school, the teachers
are not sufficiently instructing the students (MDE, 2019). MDE presents districts with
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documentation showing how the district students performed compared to students throughout the
entire state.
In this study, the students in third, fourth, and fifth grades in the district showed a lower
percentage of mastery than the state average in all fraction standards on the Mississippi
Academic Assessment Program for the 2018-2019 school year (MDE, 2019). Fraction standards
are the ones that relate to the teaching of fractions. These standards include ”ordering of
fractions,” “comparison of fractions,” ”equality of fractions,” “addition of fractions,”
“subtraction of fractions,” “multiplication of fractions,” and “division of fractions.” “building
fractions of fractions,” and “expressing fractions as decimals” (MDE, 2016, pp. 46, 47, 54, 55).
This study focused on the fraction standards due to the lower scores of district students on the
various fraction standards assessed on the Mississippi Academic Assessment Program during the
2018-2019 school year. Using programs such as i-Ready and IXL to complete this study, data
was obtained that was needed to help determine if computers were or were not helpful in the
acquisition of fraction skills. I-Ready is a program created by Curriculum Associates, which was
used for diagnostic purposes (Curriculum Associates, 2016). IXL is a web-based program
developed to provide individualized instruction and analytics in mathematics and other subjects
(IXL, 2019a)
Theory
The zone of proximal development envisioned by Vygotsky (1929/1978) implied learners
needed higher-skilled individuals to guide them through their learning to a higher level of
mastery of learning. The issue with this is there is one teacher with many students. Students are
on many different levels navigating their way through to mastery. A key tenet to this concept is
one-on-one instruction and proximity to higher-skilled learners. The programs available now
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make it possible to provide or create the virtual environment of proximity needed to help learners
learn (McLeod, 2019). The possibilities technology affords to classroom teachers are everincreasing. Vygotsky’s sociocultural theory contains “mediation, social learning, and genetic
method/analysis” (Karimi & Nazari, 2021, p. 332). Nardo (2021) made a case the teacher
continues to be the key component of ZPD, but when making intentional pedagogical learning
decisions and the processes. The use of computer programs, when used with intention, can be an
integral part of learning mathematics. The program chosen by the teacher must be chosen
specifically for the type of feedback the student receives and the instruction the program
provides so that it imitates the teaching interaction. Sociocultural theory and the close proximity
of the ZPD provided by computer-assisted instruction meld together well for this study. The
programs which provide instant feedback, being able to interact with others, discuss problemsolving techniques via chat, and collaborate with others while learning, stretching, and building
upon their personal knowledge base, is bringing Vygotsky’s zone of proximal development to
the forefront of the educational process while using technology instead of face-to-face proximity.
Problem Statement
Given the current disagreement in the literature, there was a need for further study on the
best way to use technology to help students achieve skills for fractions problem-solving. Childers
and Lu (2017) did not show a positive gain by using computer-assisted instruction. Still, the
following studies suggested the use of computer-assisted instruction shows an increase in
mathematic skills. Crawford et al. completed a study in 2016, which looked at the use of
electronic supports for students who used computer-aided instruction for supplemental
mathematics lessons. The study determined a significant positive gain in the achievement of
mathematic skills. The study also showed that students who were fluent in math
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facts were less likely to use electronic support than students who lacked fluency in math facts.
Even though these students used the support tools more, their achievement levels also increased.
Powell, Cirino, and Malone (2017) demonstrated that teachers who realize students may have
low working memory or language comprehension would benefit from computer-assisted
interventions when working with word problems that are delivered as a non-language
intervention, such as a math program or application. The problem was, the previous research has
not given a definitive answer if computer-assisted instruction is beneficial to student
achievement of math skills; therefore, a gap in the literature existed. Furthermore, no studies
found that students used IXL specifically to target deficit skills in fractions.
Purpose Statement
The purpose of this quantitative quasi-experimental pre-test/post-test control group
research design study was to explore the effect of computer-assisted instruction in learning
manipulation of fractions. The independent variable was the mode of instruction. One group
received additional computer-assisted instruction to teach manipulation of fractions and the
workbook-based curriculum adopted by the school. The other group received non-computerassisted instruction only using the workbook-based curriculum adopted by the school. The
dependent variable was the student achievement as measured by the diagnostic assessment. The
i-Ready Diagnostic is an assessment for student mathematics ability level with specific attention
to the fraction section scores of the test. All groups used i-Ready to obtain a pre-test/post-test
score of ability.
The student sample was drawn from Jacket Middle School, pseudonym, in rural
Mississippi, with an enrollment of approximately 64 students in the fifth-grade. Approximately

21
50% of the students received computer-assisted instruction, and 50% did not receive computerassisted instruction.
Significance of the Study
Computers have become one of the cornerstone technology devices in the American
educational system. The use of computers in education to facilitate the learning process has
become as familiar in today’s classroom as chalk and slate were in the early formative years of
education. Computers are a positive way to link past generations to current generations by
providing an avenue for research of the past and a springboard for future technology to
materialize (Molnar, 1997). Computer-assisted instruction in education is a superior way to help
students build fluency in math, research topics, compose written documents, and a multitude of
other activities that support the instruction of students (Berrett & Carter, 2018).
There has been much research on the use of computers to aid in the instruction of
mathematics. Most of the literature reviewed showed a positive correlation between computerassisted or computer-aided instruction and the advancement of mathematics skills or fact fluency
knowledge. Karlsson (2022) believed the more positive correlation of computers in the
classroom, especially with younger students, is when a teacher is fully monitoring the computer
lesson. In a completed study, Crawford et al. (2016) found that computer-assisted instruction is
more effective than traditional teaching methods. This fact gives reason to be hopeful that
students will be better equipped to address their learning issues, especially in mathematics. The
number of research studies comprising the use of computers in education is almost
insurmountable. It is growing daily, but the knowledge base needs additional input in specific
areas, such as obtaining mastery in fractions. Many of the studies tend to use too many
interventions, which may confuse the researcher, and the significance of the research is lost.
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Hawkins et al. (2017) discussed selecting target skills in their research. They determined specific
skills to practice during computer-assisted instruction led to better monitor skill practice. During
this study, students were given specific fraction lessons or skills to practice all aspects of fraction
fluency, including usage of fractions in grade-level mathematics specific to the standards
required for each grade level.
The significance of this study was to research the implication of focusing on one type of
intervention specifically, which may give educators a better answer if computer-assisted
instruction is helpful to the student’s mastery of a specific skill. Teachers are continually looking
for excellent interventions and teaching strategies for students. This study should help teachers
make this important curricular decision. Hawkins et al. (2017) discussed selecting target skills in
their research. They determined specific skills to practice during computer-assisted instruction
led to better monitoring of skill practice. The control group was given specific fraction skill
assignments that addressed the addition, subtraction, multiplication, and division of fractions.
These skills aligned with the CCSS for the grade level.
Research Question
RQ1: Was there a difference in mathematics achievement scores in fraction skills of 5 th
grade middle school students who received computer-assisted instruction and 5 th grade middle
school students who did not receive computer-assisted instruction, when controlling for pre-test
scores?
Definitions
Terms pertinent to the study are listed below.
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1. CAI -Computer-Assisted Instruction. CAI uses computer programs, websites, or
applications on either desktop or laptop computers, tablets, or smartphones (Hawkins, et
al., 2017).
2. CCSS - Common Core State Standards. CCSS are the goals students should know for
each year of school in each subject taken (MDE, 2020a).
3. Dependent Variable - This is the variable being measured. This variable is “dependent”
upon the independent variable (Warner, 2013).
4. Independent Variable -This variable is manipulated or changed (Warner, 2013).
5.

IXL - Computer software to facilitate student learning in mathematics, science, social
studies, and Spanish (IXL, 2013).

6. SES - Socioeconomic status “is defined as one’s perceived family status and monetary
resources compared to others” (Dix& Mello, 2018, p. 507).
7. SLD - Specific Learning Disability. “[A] learning disability in mathematics include (a)
difficulty with counting, learning number facts, and making math calculations; (b)
difficulty with measurement, telling time, counting money, and estimating number
quantities; and (c) trouble with mental math and problem-solving strategies” (Stultz,
2017, p 211).
8. STEM – Is an acronym for Science, Technology, Engineering, and Mathematics. STEM
includes the standards and methods for teaching these topics (Ryu et al., 2019).
9. Virtual Manipulative - Virtual Manipulative is “an interactive Web-based visual
representation of a dynamic object that presents opportunities for constructing
mathematical knowledge” (Finti et al., 2016, p. 584).
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CHAPTER TWO: LITERATURE REVIEW
Overview
Technology use in the United States of America’s classroom has evolved to daily use.
Computers, applications, programs, and various websites provide many ways to teach students,
build fluency, deliver immediate feedback, and offer differentiated learning to students. This
chapter includes the theoretical framework and related literature, including (1) Student
Understanding of Fractions, (2) Number Lines, Area Models, and Manipulatives, (3)
Technology: Pre-2000, (4) Computer-assisted Instruction Pre-2000, (5) Technology: ComputerAssisted Instruction Post-2000, (6) Computer-Assisted Instruction for Children with Disabilities,
(7) Other Factors Affecting Student Learning with Computer-Assisted Instruction, and (8)
Summary section.
Theoretical Framework
Vygotsky’s sociocultural theory, Zone of Proximal Development (ZPD) (1929/1978),
conceptualized learning as something humans must work on and put effort toward to increase the
learned subject matter. While this learning takes place, humans become socialized by building
relationships with those who help in the learning process. These relationships psychologically,
culturally, and socially affect the mental activity of learning and how the learning is processed.
This includes the higher-order thinking skills and learning patterns needed to increase the
knowledge and problem-solving skills required to learn more complete academic concepts. The
relationships mentioned previously, and the ZPD are interconnected in learning higher-order
concepts. This zone is a space where the learner begins at a skill they understand and move
toward the development of this new higher skill, being able to complete this new skill
independently. Having help and encouragement to learn a concept is an important tenet of the
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ZPD. Vygotsky’s sociocultural theory is the basis of the ZPD, as it emphasizes mediation, social
learning, and genetic method (Karimi & Nazari, 2021). Sociocultural theory and proximal
development work together and are dependent on the close support system provided by a teacher,
peer, or even the feedback from a computer-assisted program. Learning to build upon present
knowledge with a type of support system from a teacher or other learned peer to support the
learner is the most important aspect of the ZPD.
Proximal development support and theory are appropriate for use as the theory for this
study, as computer-assisted learning does provide specific feedback that can result in a student
gaining new skills. Therefore, a support system is available from the computer program. The
theory includes a concept of building upon what the student already knows that represents a
progression of learning built on students’ previous levels of knowledge. Given the emphasis on
student learning in this present study, the ZPD is a well-connected conceptual foundation. The
learner begins to take more responsibility for their learning due to the knowledge they have
acquired from their interactions with a more learned peer or teacher through social interactions.
This gradually decreases their social interactions as the student’s knowledge increases. This
lessening of needed assistance could be considered beneficial to the student, as new learning of
skills takes place and knowledge has increased.
Khan (2010) described Vygotsky’s concepts as students’ increasing their knowledge by
building upon what they already know, working with a teacher or more knowledgeable peer.
Khan discussed how the more knowledgeable helper only aided the student with the skills with
which they were unfamiliar, allowing the student to complete the task about which they were
more knowledgeable. Khan suggested this action is a type of scaffolding. Scaffolding relates
well to Vygotsky’s (1929/1978) theory of the ZPD and social cultural theory. According to
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Khan (2010), scaffolding activities should be activities just above students’ independent level to
encourage the student by having tasks the student can complete with assistance. Xi and Lantolf
(2020) proposed scaffolding as a type of metaphor that “capture processes” (p. 38) of the task,
which results in breaking down the skill into smaller steps where the student can work on parts
of the skill and then meld the skills together once the parts have been learned.
Anghileri (2006) discussed the many ways scaffolding can be beneficial to students and
how to help those same students. Teachers and peer students can model with scaffolding for
struggling students. Feedback can be given quickly; instruction and specific questioning can be
used to help the students learn. A computer program that shows the student where an error
occurs can take the place of a peer or teacher. This study will be using the intervention program
IXL. IXL gives immediate feedback, either via text or audibly, on each incorrect problem by
explaining how to work the problem to the student. The student may determine where errors
were made on incorrect answers or immediately celebrate the success of a correct answer (IXL,
2018).
Reflective thinking is another way for students to increase their mathematics skills.
Reflective thinking fits into Vygotsky’s zone of proximal development (1929/1978) by leading
students through the steps of introspective and critical thinking skills. Vygotsky believed the
skills learned during social interaction with adults and peers helped develop more adept critical
thinking skills, enabling students to increase their reflective thinking. These skills will lead them
to consider different possibilities for accurate problem solving and hopefully increase
mathematical ability (Ozyildirim-Gumus & Ozyildirim, 2020). The complexity of thoughts
would increase (Wass et al., 2011).
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The affirming influence teachers and peers have on learners provides an emotional or
social experience a student may need to move to the next step in the learning process (Xi &
Lantolf, 2020). Vygotsky (1929/1978) called this process “the social situation of development”
(Xi & Lantolf, 2020, p. 33). This is explained as children exposed to the same social situation
may develop very differently. However, social interaction is generally a positive influence in the
learning process that happens within the zone of proximal development.
Furthermore, significant research links student learning with technology and some of the
key features of the zone of proximal development. Technology use has dominated most of
today’s students’ daily lives. Students are familiar with and use technology for many purposes
throughout their daily life. Technology devices use applications to provide entertainment,
communication, and productive tasks. The use of apps to help teach fraction fluency to students
garnered a positive experience for students involved in the use of the apps for educational usage.
The statistics showed students were more engaged in the targeted skills the applications were
designed to teach. The students using the apps transferred their knowledge easier than in a
learning game program (Gresalfi et al., 2018).
Using laptops in the general education K-12 classroom can be beneficial to students and
their teachers, but effectively integrating the laptop is an issue that must be addressed. Providing
professional development on the topic of effectively integrating the laptop is as essential as
providing systematic support. Encouraging a laptop-infused environment and providing
systematic support and professional development are the main ingredients needed to effectively
integrate technology into the classroom environment (Cavanaugh et al., 2011).
Newton, Lange, and Booth (2019) completed a study discussing how prior knowledge of
mathematic skills allows students to become more flexible in mathematics education. This prior
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knowledge will allow them to become better problem solvers and increase their skills or
achievement levels. This framework fits well within Vygotsky’s concept of the zone of proximal
development (1929/1978).
Related Literature
Student Understanding of Fractions
Understanding mathematics reasoning and higher-order thinking is an important aspect of
learning fractions. Teachers must understand what a fraction is and have a well-developed
understanding of them to competently teach students, especially in the middle school grade
levels. The whole-part understanding of fractions is needed to help students move through their
fraction education (Reeder & Utley, 2017).
Students have difficulty comprehending fractions that have unlike denominators, how to
solve basic operations of these unlike fractions, and even finding the equivalent fraction.
Students begin to dislike math at this point and tend to begin to replace their mathematical
wonderment with mathematical despair (Eichhorn, 2018; Finti, et al., 2016). Many teachers
begin to teach fractions without teaching part of a whole concept or, for example, the why of
how fractions are divided, but to simply “invert and multiply” (Zembat, 2017, p. 19) method of
fraction division.
Beginning to teach fractions by using illustrations may help students gain the higherorder skills needed to be successful in fraction mastery. According to Eichhorn (2018),
approximately 70% of fifth-grade students have a less than mastery understanding of fractions
and need additional instruction. She explained mathematics as a “house of cards” (p. 40),
meaning upper mathematics success requires a fluency or mastery of basic knowledge of
mathematics concepts. McCoy, Barnett, and Stine (2016) proposed one of the reasons students
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do not understand fractions is the whole number mentality and overgeneralization of this concept
toward fractions. The authors suggested using hands-on manipulatives to improve the situation,
but Finti et al. (2016) would suggest virtual manipulatives would be as effective for students.
Lim, Shelley, and Heo (2019) agreed with McCoy et al.(2016) with findings from a study
delineating that whole number knowledge is predictive of fraction and upper mathematics
difficulties. Additionally, Jordan, Resnick, Rodrigues, Hansen, and Dyson (2017) suggested a
correlational relationship between fraction knowledge and the ability to be successful in higher
mathematics. The higher the fraction ability, the more successful a student is in higher
mathematics. They discovered that whole number fluency impacts the ability to be competent in
fractions. The reasoning of multiplication facts is necessary to understand when finding fraction
equivalents, such as ½ and 4/8. Multiplication fluency is beneficial due to the memory processes
and focusing on the problem to be solved instead of the multiplication steps of the problem. The
purpose is to get students to understand a fraction is really “how many” of “what” (p. 246).
Learners may need a higher-skilled teacher or learned peer to guide them to a higher level
of mastery (McLeod, 2019). This collaborative learning among peers is beneficial to the higher
and lower-skilled students, as they learn from each other during the collaboration. Teaching
students at their skill level and moving up their mastery level in the many ways possible is the
scaffolding of the task. Each time a student works on a skill, they should be able to build upon
their mastery.
Many children experience difficulties in mathematics. According to a study by Eichhorn (2018),
approximately 70% of students have a need for additional instruction on specific concepts of
fractions. In addition to general education students who have trouble with mathematics, the
students with learning disabilities have an even more challenging time understanding the
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concepts, knowing the basic facts, and being able to adequately keep up in the general education
curriculum without some type of assistance. Students with specific learning disabilities (SLD)
comprise approximately 40% of the students with special needs in United States of America’s
schools (Stultz, 2017). These students are lacking some of the foundational skills needed to fully
comprehend concepts of fractions, which leads to difficulties in higher mathematics. Fokides
(2018) believed this lack of comprehension develops into a phobia that negatively affects their
performance in mathematics classes. He believed that today’s students should be “math native”
(p. 8510), meaning they are more comfortable using technology to help them with their
mathematics than any other generation before them. They should understand this technology and
feel as though the use of technology is a type of recreational activity. Teaching children via
computer-assisted instruction would be beneficial to these students. Epling (2017) also stated
that children need those foundational skills to succeed with fractions.
Number Lines, Area Models, and Manipulatives
Generally, the teaching of division and multiplication of fractions begins in fifth-grade in
schools that use the CCSS. Sidney, Thompson, and Rivera (2019) completed a study suggesting
using number lines was more effective than using area models to teach the division of fractions.
Their study found that students who drew models using a number line were more accurate than
either the area model users or the students who used no model at all. A manipulative is
something that is used to help the teacher explain a concept to a student concretely (Bouck et al.,
2018). Using a concrete or app-based manipulative can be beneficial when teaching fractions to
all students, even those with disabilities. McCoy et al. (2016) suggested using manipulative
strategies, such as paper plates of assorted colors, to represent fraction circles in the same way as
using Cuisenaire rods to represent fractions. James and Steimle (2014) used Cuisenaire rods to
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help students develop critical thinking and fractional skills, while working on a real-world
scenario. Students were allowed to work together in small groups and help each other discover
fractions using the rods.
Actual hands-on manipulatives are outside the purview of this review, but virtual
manipulatives are within the context. Finti et al. (2016) used iPads in the teaching and learning of
fractions. The students used the iPads to virtually manipulate fraction tiles using an application
downloaded onto the iPad. There were a few technical issues, such as knowledge of the use of
the iPad, how to use the application, and how to take a screenshot of the resulting manipulation,
which, with training and practice, eventually was overcome easily. The study showed an
improvement in their performance on the post-test. The researchers also believed the students
gained a “conceptual understanding of fraction concepts” (p. 594).
Technology: Pre-2000
Prior to 2000, videotape instruction series was considered to be cutting-edge instruction
and relatively expensive for the time. The National Council of Teachers of Mathematics (2000)
provided this type of program to teachers in grades 3-8 to teach algebraic thinking instruction.
The National Council of Teachers of Mathematics also supported a Public Broadcasting System
(PBS)-created mathematic supplemental video series for kindergarten to second-grade students
and another video series for third to fifth-grade students. These videos were envisioned to
provide lessons on various topics on many different grade levels. The program provided a kit that
included reproducible student work pages.
Broderick and Allen previewed a video series developed in 1995 by Creative Publications
called Games to Play with Lola May. The review was highly positive, as it engaged the students
and teachers, which prompted learning to take place. Another Creative Publications program
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called MathLand-Journeys Through Mathematics provided the teacher with guide materials and
manipulatives. This program did not include a workbook, work pages, or other types of written
tasks. It was considered a hands-on program in which students could become engaged.
In 1999, the National Teacher Training Institute for Math, Science, and Technology
provided training on using multi-media in education as the new way to deliver instruction to
students. Using video with activities was determined to be the best way to reinforce the video
content. The National Teacher Training Institute also provided lesson plans on its website. The
lesson plans were considered to be a significant knowledge base for the teachers to have
concerning their subjects and lessons. The students were not provided any type of online learning
with this multi-media training (Donlevy & Donlevy, 1999).
Showing videos via laserdisc was recommended in a 1996 article by Denise Allen. The
program Optical Data’s Window on Math included several videodiscs, along with resources,
materials, and assessment suggestions. Manipulative and small group work was suggested to
engage the students in the various lessons. Miller and Cooke (1989) recommended using
videodisc math instruction for students with learning disabilities. The study was a complete
video program developed in 1985 on teaching fractions. The positive statements of using
videodisc were direct teaching, mastery development, correction of errors, gradual independence,
practice, and a cumulative review, which were all available using the videos and supplemental
materials provided. When used with students with disabilities, the study showed scores
remarkably close to those of a non-disabled group. It is important to remember the history of
math technology in order to focus on technology now available for teaching. Most of the past
technology was not interactive, while today’s technology is very interactive so that the student is
basically immersed in the skill.
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Computer-Assisted Instruction Research Pre-2000
According to MacDonald & Caverly (1999), in 1998, the main focus of math software
was on the form of worksheet creation, although there were tutorials that showed examples of
how to work problems. One early program Basic Math Competency Skill Building, released in
1998, provided a tutorial before practicing the skill. The program was available on CD-ROM or
disk. The beginning level was at beginning fractions and decimals, moving up to algebra and
geometry. Another software considered the student’s learning style, as determined by Kolb
Learning-Style Inventory. The program especially focused on auditory learners and visual
learners. Basic Mathematics/Pre-Algebra-Interactive Mathematics Series, released in 1997,
provided an interactive choice for students to choose which avatar they wished to be their helper.
This was supposed to be a way to integrate the learning style of the student, but the review
warned about the benefits of this program as it did not adapt the instruction for each type of
learning style. Algebra Made Painless was a program developed in 1997 that was supposed to
help lower the math anxiety of students by using humor as a platform for teaching. Math Blaster
Algebra, developed in 1998, was also a game type of program which kept the feeling of math in
a “positive light” (MacDonald & Caverly, 1999, p. 33) and a game atmosphere.
Craig (2000) discussed the many ways to select appropriate software for the early
learners of 2000. As educators believe, Craig expressed the learning should be “real, natural, and
relevant” (p. 180) to the learner. The process of choosing a program in 2000 is still a supportive
beginning to selecting a great program today. Craig gave many criteria for programs, which
included the focus of the content, allowing for collaboration or individual use, being child or
teacher-initiated, determining if it is drill and practice, concept or problem solving based,
determining feedback process and communication, is student-friendly, and finally, does the
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software support various teaching and learning processes. Following these suggestions, even
today will help teachers and curriculum developers choose appropriate programs that will benefit
student learning the most.
Lindroth (1999) presented an article, stating, “Internet curriculum keeps getting better
and better!” (p.14). The “Hot Websites” (p. 14) listed were: www.vnet.org/wnetschool,
www.creativeteaching.com, and www.kz.com. The NetSchool site provided thematic lessons
with reviews of other websites and a database of lesson plans. Creative Teaching Press provided
monthly reproducible resources with suggested lesson plans. KnowZone was a Scott ForesmanAddison Westly Longman website, which was a subscription service that provided learning
centers for math skills in grades three through eight. These websites were praised by Lindroth,
but, in truth, in the pre-2000 years they were lacking in student interaction as they mostly
provided reproducible or printable materials. This short-sightedness may be why these websites
are inactive at this time. A CD-ROM program produced by Cliff Notes entitled Cliffs Math
Bundle CD-ROM Set was reported to provide five disks formatted for the Macintosh or Power
PC. The program, referred to as “textbooks online” (Grandgenett, 1999, p. 198), helped students
determine their skill level and provided enrichment or remediation of skills for students. The
Tenth Planet Explores Math: Representing Fractions was a CD-ROM-based program developed
for the Macintosh and PC in 1998. It was used for the whole group, small group, or individual
activities using worksheets. The advancement of technology has grown tremendously since
2000; programs were supplemental instead of programmatic and focused on learning specific
skills during this time (Lindroth, 1999).
Technology: Computer-Assisted Instruction Post-2000
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Technology in the classroom has become the norm. Using this technology to teach
students is altering the way teachers must teach, but it also is altering the way students must
learn. One of the reasons students may have trouble with mathematic fluency is they have a
weakness in working knowledge or poor memory. The use of computers helps strengthen their
working memory by providing the frequency, feedback, and repetition some students may need
to increase their memory skills (Crawford et al., 2016). Burghardt, Lauckhardt, Kennedy, Hecht,
and McHugh completed a study in 2015 which discussed the effects of using computer-assisted
nstruction of mathematic skills on achievement.in eight-grade content knowledge. The results
showed that students who were provided the computer-based instruction scored higher on their
post-test than students who did not receive the extra computer-assisted instruction. They also
mentioned the students who had disabilities or had shown to have a learning issue in
mathematics even increased their achievement scores from the pre-test. Computerized instruction
with immediate feedback has increased post-test scores significantly more than students who
received computerized instruction and did not receive immediate feedback (Wu et al., 2017). In
2010, studies were still being conducted that engaged students via video modeling, stating the
educators were modeling for students how to visually represent a problem before solving it. The
students accessed the videos while using computers or tablets during practice of their math skills.
The results of the study were positive, as all students involved in the study scored above their
baseline (Satsangi et al., 2018). Knight, Kuntz, and Brown (2018) also showed how using a
computer to access video prompting benefited individual students with learning disabilities. The
students were able to access the modeling video during their general education classes. They
were able to be successful in completing the tasks with greater accuracy than without some type
of computer-assisted instruction. A study conducted by Kaczorowski, Hashey, and De Cesare
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(2018) also showed positive results where students with specific learning disabilities in
mathematics increased their skillset and became more independent in their mathematics classes.
Historically, studies have been completed regarding the use of technology for advancing
mathematics. In 2010, Roschelle et al. completed a review of studies that showed a significant
increase in student mathematic achievement. These studies involved middle school students and
various types of technology, including calculators and computer software. This review showed a
positive impact on the use of technology and the increase in mathematical skills. Childers and Lu
(2017) completed a study involving students enrolled in developmental mathematics classrooms.
Their study found that using a mastery-based computer program did not necessarily show
significant gains in student achievement in mathematics. Wu et al. (2017) completed a study
involving the use of computerized tests to individualize mathematic learning. They compared
three groups, in which each used a different treatment to determine the best intervention for
learning. They chose a computer program that used individualized prompts to help students gain
skills. The students posted higher performance scores than the other two treatment groups.
A study completed in 2017 by Hawkins et al. discovered that CAI can improve math
fluency. Though this improvement is promising, the choice of programs is overwhelming, and
many do not know where to begin with the instruction or how to choose a program. In one study,
Rich, Duhon, and Reynolds (2017) discovered, through their research, that students who received
just pencil and paper type instruction made gains in mathematic achievement but not as much as
the gains earned by the students who received pencil and paper instruction, along with computerassisted instruction, for the duration of their study. These results showed students benefit from
additional computer-assisted instruction and can make positive strides in their mathematics
knowledge. This CAI has been shown to help with fact memorization, as shown in the study by
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Berrett and Carter (2018). Berrett and Carter, along with Rich, Duhon, and Reynolds, agreed
mathematics has many facts that must be memorized and learned. Students with learning
difficulties or other learning issues have trouble truly learning these facts and having the ability
to access the information easily. Berrett and Carter (2018) completed a study using Imagine
Math to learn multiplication facts. This study found that the more repetition, the more thoroughly
the students learned the multiplication facts.
One such program that is useful for skill development that allows for repetition is IXL.
The program offers instruction and practice pre-kindergarten through calculus in mathematics,
language arts, science, social studies, and Spanish. Specifically, the program offers a
comprehensive curriculum that allows for the practice of 2,156 different skills in mathematics
from pre-kindergarten through sixth grade (IXL, 2019b). The teacher can use the diagnostic
piece of the program to pinpoint the student’s abilities and assign skill practice in the areas the
student needs to work on skill development. This program has a learning piece the students use
and a diagnostic and analytics section specifically for the teacher, designed to help the teacher
discover how she can help her students increase their mathematic skills. The self-paced or virtual
learners could use the diagnostic piece as an individual self-paced placement test or skill
advancement. The diagnostic suggested specific assignments for the student based on the
diagnostic results. This list will continue to change as the student progresses in their skill
development. As the student is working on a skill, the program gives immediate feedback on
each problem. An incorrect answer will generate an interactive page that explains how to
correctly solve the problem, asking the student if they have “got it” (IXL, 2016). The student can
then continue with their skill development if they answer positively. If the student answers
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incorrectly, the program will suggest a prior skill for the student to work on, hence scaffolding
the skill to the student’s ability.
Another study completed in 2014 by Burns, Nelson, Ysseldyke, and Kanive sought to
determine how much practice older students needed to attain fluency, when compared to younger
students, to commit the facts to memory. They found the fifth-grade students did not need as
much computer-assisted fluency practice as the younger third-grade students. The upper
elementary mathematics students needed more practice with explanation and justification of the
facts, identifying the key concepts, and negotiating the meaning of those concepts (Anghileri,
2006). Interestingly, Stoyle and Morris (2017) determined that fifth-graders who blogged or
worked in groups while learning fractions were more likely to be able to explain and justify the
facts of fractions, showing group study may be beneficial to learning. In direct opposition to the
study of Anghileri (2006). Savelsbergh, et al., completed a study in early 2016, which
determined the effects of computer-assisted instruction were not as strong for older students as it
was for younger students.
CAI was shown to increase fact fluency in a study completed in 2017 by Hawkins et al..
They discovered that CAI was sometimes more engaging to students than face-to-face teaching
methods. They attributed the CAI to be beneficial to the learning of fact fluency and other
memorization skills. According to Hawkins et al. (2017), there is a positive correlation between
the learning of fact fluency when using both CAI and face-to-face instruction in the classroom.
An earlier study completed by McTiernan, Holloway, Healy, and Hogan (2015) also showed a
considerable benefit to the learning of fact fluency when presented to students via computerassisted instruction. Freiman, Poloskaia, and Savard (2017) considered the possibility of using
CAI to help students better analyze mathematic word problems. According to their research, the

39
use of computer-based instruction does benefit students with completing word problem tasks and
helps them to engage in the critical thinking skills required by word problems. The use of apps to
help teach fraction fluency to students garnered a positive experience for students involved in
that study. The statistics showed students were more engaged in the targeted skills the app was
designed to teach, and the students transferred the knowledge easier than in learning game-type
content (Gresalfi et al., 2018).
The question of whether concrete or digital manipulatives are better for learning fractions
has been studied. The students in the study used digital manipulatives and then concrete
manipulatives to add fractions with unlike denominators. The results were inconsistent, as two of
the three students were unsuccessful with independent usage and positive increase of fraction
skills while using digital manipulatives. The third student was successful and showed
independent skills with the digital manipulative (Bouck, et al., 2018).
The study conducted by Cheung and Slavin (2013) determined technology is one of the
best ways to increase mathematic achievement. Using specific applications designed for iPads or
computers tends to engage students more, enabling the students to benefit from the instruction
the app is designed to teach (Gresalfi et al., 2018). Teachers and students are more experienced
in using technology and discover many ways to use the technology for educational purposes.
Math anxiety forms early in life as students believe it is hard and learning it will be
difficult (Zengin & Tatar, 2017). Having anxiety toward mathematics only sets up the student for
failure in the present and future. Technology possibly can alleviate the issues or help the student
build more confidence as skills increase. Stoehr (2017) suggested this feeling of anxiety will
continue throughout life if not addressed early in the educational process. Students with attention
deficit hyperactivity disorder (ADHD) tend to have anxiety when faced with new tasks and skills
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unfamiliar to them. Canu et al. (2017) studied college students with ADHD to determine when
and how their mathematic anxiety began and ways to address this anxiety, including the
difference in learning math skills. One way suggested was to use computer-based instruction or
CAI to reinforce a learned skill and provide practice for new skill development.
Freeman (2004) researched if pen and paper or computer was a better platform to assess
students. The study results emphasized that the use of computers was of no significance for
females in reading and spelling, as they outperformed the males who took computerized tests in
these subjects. The use of the computer favored the females in this study. The limitation of this
study is the subject of math was not tested, and females tended to outperform males in literacy
subjects (Freeman, 2004).
According to Kaur (2016), there are challenges to using computers and other technology
in education. Teachers are stepping up to learn the many ways to use technology in education.
During the spring of 2020, the COVID-19 pandemic forced school closures, leaving teachers
scrambling to find ways to teach their students via distance learning and other online formats
(Kaden, 2020). Teachers quickly learned how to use programs and platforms they had never
used, and many became quite fluent in using computers for learning. Students also had to learn to
use Zoom, Google Classroom, Google Meet, Docs, and other apps, becoming more proficient in
using educational platforms or learning websites. Without the pandemic pushing teachers to
quickly learn many digital platforms, this process may have taken a much longer time.
Computer-Assisted Instruction for Children with Disabilities
Stultz (2017) completed a thorough literature review of studies regarding learning
disabilities and computer-assisted technology to engage students with disabilities. She
discovered that “slightly more than half (56%) of the studies yielded results” (p. 215) that
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supported the use of CAI for teaching mathematics to students with learning disabilities. During
the same timeframe Stultz was completing her review, Mutlu and Akgun (2017) were conducting
a study of how CAI benefited students with dyscalculia. Their study garnered results that showed
a positive effect on the learning of math skills for students with dyscalculia if they additionally
used computer-assisted programs for instructional purposes. The extra practice using the
computer helped the students improve their mathematic skills significantly.
Katsiyannis and Prillaman (1990), including Mutlu and Akgun (2017), emphasized in
their research the use of the general education or “regular” (p. 26) curriculum for students with
mild to moderate learning disabilities. They stated three reasons they believed the regular
curriculum was beneficial for students with disabilities. First, the students were included in the
standard curriculum, experiences, and teachings of their non-disabled peers. Secondly, they felt
that the special education curriculum considered appropriate for disabled students basically
“overemphasized materials, and media” (p. 26) instead of teaching the content. Lastly, they used
the general education curriculum to help reduce the costs of providing these materials, which
may or may not be beneficial to the students. They discussed the difficulty students with
disabilities have in math concepts and that they should be taught math by emphasizing the reason
for learning the concept. In other words, they should be taught real-world math concepts in the
general education classroom using the various technologies available to scaffold the concepts to
the students’ abilities.
In 2016, Finti et al. completed a study using virtual manipulatives on iPads. This study
used a program that required students to use their fingers or stylus to manipulate fraction tiles to
help them solve fraction problems. The researchers discovered the students not only gained a
“conceptual understanding of fractions” (p. 594), but those with lower abilities in fractions made
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the most gains in scores from the pre-test to the post-test. The researcher also stated these same
students were unable to transfer these skills to a paper-based test.
A study completed by Bouck et al. (2018) compared how students with specific learning
disabilities and intellectual disabilities learned using both concrete manipulatives and digital
manipulative to add fractions with unlike denominators. The study was completed using the
digital manipulatives first and then the concrete manipulatives. The app used was said to be
engaging to the students and fostered independence. The results showed the students with an
intellectual disability were more responsive and demonstrated a positive increase in skills. The
interesting discovery of this study is the students participating in the study with learning
disabilities showed a more positive propensity toward digital manipulatives than those without
learning disabilities who participated in the study. This information is contradictory in nature
regarding whether CAI is helpful to students, though there are many more studies that show
positive outcomes.
The studies that show positive outcomes for students with ADHD, anxiety, and
dyscalculia considered how learning would be affected by students with or without learning
disabilities. Lewis and Fisher (2018) completed a study in which they conducted interviews with
teachers and their students with learning disabilities. Through the interviews, they learned that
teachers and students both believe CAI is a great benefit for the student. It allows the student to
practice new skills and enables the teacher to monitor their learning more effectively. An article
written by Barkley (1996) gives a website that addresses educational benefits for students with
ADHD. The article states origami is beneficial to help teach children math and geometry in
addition to providing hand motor dexterity skills. The website is no longer active, but some
websites provide the same type of resources.
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Using games as a platform on computers and tablets has been noted to be beneficial to
students with learning disabilities. Games tend to entice students to be more engaged and
focused on the learning taking place. The game platform can provide “(1) action language, (2)
assessment, (3) conflict/challenge, (4) control, (5) environment, (6) game fiction, (7) human
interaction, (8) immersion, and (9) rules/goals” (Lamsa et al., 2018, p. 598). Computer programs
and applications are looked at by students as computer games, according to Lamsa et al. in their
2018 research. Fokides (2018) completed a study that showed students were more likely to grasp
mathematic concepts while using computer games as a teaching method compared to a pen and
paper approach or a more contemporary approach. Fokides believed his study showed the
students were more engaged and interested in the topic being taught when taught using computer
games.
Gamification is when the student is involved in the game to the point where they see it as
fun and not as learning or something negative. This gamification mindset is valuable to the
student and the educator, as the student will be more engaged in what is to be learned and will
hopefully learn the skill during the gameplay. This frame of mind can be beneficial as students
will be willing to complete tasks working with the computer programs. Many programs provide
practice on a skill while providing rewards that allow students to take a drill break by playing a
game within the program. This reward system helps motivate the students to work toward
mastery of the skill. The programs also provide immediate feedback while working on the skills.
This feedback is helpful to students with disabilities. Using computers, applications, and
programs with students with learning disabilities as an intervention strategy to help meet the
varying needs of the student is beneficial as it helps pinpoint the scaffolding needs of each
student (Polat et al., 2019). Polat et al. reviewed various technologies used with students with
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special needs. Several of the applications are as follows: Phonoblocks, Pentop, Talking Paper,
and a “tangible mobile application” (p. 97) developed by the authors of this study. All the above
applications and their reviews were found to have had a positive impact on the learning and skill
level of students with learning disabilities.
Stultz (2017) discovered the importance of CAI for students with disabilities while
completing research on the various types and uses of CAI available for students with disabilities.
She discovered drill and practice programs were helpful to students who may have short
attention spans. Students with attention span issues, such as ADHD, are able to focus on the
computer instruction for more extended amounts of time as the program is constantly changing
and new information is on the screen. Lamsa et al. (2018) believed the gamification of learning
programs encouraged students to participate in drills. The gamification makes the drill and
practice fun for the students, and the practice helps the students work on the skill specifically so
they may target the skill to learn. Younger students responded well to the game-type programs
offered by online resources. Her study showed that CAI is beneficial to students with learning
disabilities as either a “primary source of teaching” (p. 216) or as complementary activities to the
classroom instruction.
Other Factors Affecting Student Learning with Computer-Assisted Instruction
Socioeconomic Status
Socioeconomic status “is defined as one’s perceived family status and monetary
resources as compared to others” (Dixson et al., 2018, p. 507). This study documented
significant discrepancies between children from families with high socioeconomic status (SES)
and those with low SES. According to Dixson et al., children from high SES families heard over
30 million more words than children from low socioeconomic families before the age of three
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years. They also seemed more likely to speak earlier, had better child-parent interaction, and
seemed to have better problem-solving strategies. It was also noted that this discrepancy did not
just relate to physical or material things but also to academic successes. One cause of this may be
the different patterns of thinking or perceptions that have been developed because of their SES,
whether high or low. The patterns are developed throughout the cultural exposures of the
families and passed down to the children. These exposures are most assuredly due to the
socioeconomic status of the family.
External factors of their SES may also be a contributor to their academic achievement.
Students from lower SES tended to be exposed to low-wage jobs, lower-rated schools, reduced
resources, and dangerous neighborhoods, which can cause the students to be worried about their
well-being instead of their academic success. In contrast, the students from higher SES have
more resources available at higher-rated schools and safer neighborhoods. They are usually not
worried about their well-being, which allows them to concentrate and focus on their academic
success. Students from lower SES tend to lose hope faster and are unable to focus on the future
or envision a future other than what they have been exposed to. The Dixson et al. (2018) study
did show SES is a factor in students’ achievements. This effect may be lessened with the
provision of resources and other interventions to lower SES students at a younger age.
The students’ SES in Mississippi has students at a disadvantage over students in most of
the rest of the United States of America. According to the United States Census Bureau, the
median household income for Mississippi is $45,081 per year, with 19.6% of individuals in
poverty (www.census.gov). The population of the incorporated area where Jacket Middle School
in located is 2,126, with a median income of $33,778 and a poverty rate of 29.5%
(www.datausa.io). This statistic shows Jacket Middle School students are at a poverty rate 10%
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higher than the state average, which puts them at risk of being behind the state average even
before they begin school. According to the above information, they will not have had the
exposure to language, information, positive parent-child interactions, and even material items,
which all lead to the enhanced problem-solving skills needed to excel academically.
Electronic Devices
To help even the learning field, the Mississippi Legislature proposed several bills to
provide electronic devices to all Mississippi K-12 students. During the 2020 regular session of
the Mississippi Legislature, Senate Bill 3044 was passed. The Equity in Distance Learning Act
provided funding for school districts to purchase and provide each student with a laptop
computer. This act allowed The MDE to create the Mississippi Connects program. The purpose
of this program is to provide electronic devices to all public-school students in Mississippi to
give students a way to access the digital learning demands that COVID-19 had forced upon
school districts in the 2020-2021 school year. Mississippi Connects provided over 325,000
devices to school students, kindergarten through twelfth grade. Mississippi Legislature House
Bill 1788 passed during the 2020 regular session , also called Mississippi Pandemic Response
Broadband Availability Act. The program also provided students with hotspots for those who
lived in areas where internet access was less accessible (MDE, 2020b; State of Mississippi
Legislature, 2020).
When school districts began implementing a one-to-one ratio for computers to students,
this implementation was a great step toward leveling the educational learning opportunity field
for all students. Even those students in the lower SES would have a computer they could use to
research any topic they chose or use the device to complete any assignment. The one-to-one
implementation became a supportive tool to use in the classroom, whereas the teacher could
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provide many individualized activities for each student. The computers could provide many
competitive, innovative, collaborative, and constructive ways to teach the standards (Lim et al.,
2019). The reality proved to be partially as expected, as teachers were able to use the computers
to teach the required standards technologically and creatively. Still, the distractions have steadily
increased as students discover the various social media usages and other internet surfing abilities
of electronic devices.
The expectations and concerns of parents, stakeholders, students, and teachers all had
differing perceptions of the use of computers. Keane and Keane (2018) asked parents to report
their observations of electronic device usage at home. During the first two years of usage, the
parents chiefly noted no concern about excess or inappropriate usage. Still, they reported they
were imposing limits on usage during the third year. Most felt their children were missing out on
face-to-face socialization, and they were distracted from their homework, projects, and family
life. Parents were also concerned about their child’s health due to overuse of the devices at
school and then at home, causing eye strain or other types of health issues. Other concerns
parents had about the devices was the financial cost of providing internet access.
Social Media Distractions
Parents are concerned about some of the same things teachers are concerned about. One
of these items is the wasting of time using social media (Keane & Keane, 2018). One distraction
teachers must be conscious of and try to prevent is students using chat opportunities on the
computer. Students who have three or four conversations going on during instruction are unable
to truly concentrate on the instructional content, and learning will not take place (Calvo et al.,
2014). Other students have additional tabs in the internet browser open, which are not
educational related, causing the student to be distracted by the content.
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Social media can be referred to as the app that allows “users to create and participate in
various communities” (Lu et al., 2019, p. 1109). Examples of social media are Snapchat, Google
Meet, Google Hangout, Facebook, YouTube, and any website or program which allows for an
instant messaging application via the Internet. Luo et al. estimated that middle-school-age
children spend up to 13.3 hours per week on the internet.
The usage of social media in the classroom has become a distraction to learning.
Teachers must diligently monitor students’ usage of their computers. A study completed in 2019
by Al-Furaih and Al-widi, though the participants were college-aged, is still significant to middle
schoolers as they mature and age as learners using technology in the classroom. The students
admitted to social media use during class on a continual basis to avoid missing out on anything
on social media sites, such as WhatsApp, Twitter, Snapchat, and Instagram. The students also
admitted their grades were lower because of this disengagement from their classes and their
inattention. In this same study, students also admitted their attention to class was negatively
affected when they sat by someone who continually used social media during classes. There are
individuals who are constantly checking their social media accounts. This affliction has become
such an issue with individuals, it is now known as FoMO, “the fear of missing out” (Al-Furaih &
Al-widi, 2019, p. 2355). Though this study targeted older students, the impact of the results can
be significant as middle schoolers become more adept and involved in social media, chat, and
other methods of communication via the computer.
The distractions caused in middle school by social media take up time, as teachers must
deal with the behavioral issues as students are not emotionally mature enough to deal with the
fall out of the conversations on social media, the pictures posted, or the rumors spread. More
instructional time is taken away from more than just the students involved in the incident, as the
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teacher must deal with the individuals involved and any witnesses to the events. Students are
then emotionally upset and unable to pay attention to the instruction post-issue (Calvo et al.,
2014). As stated above, it is a positive asset to have a one-to-one ratio of computers to students,
but this is just one of the many possible disadvantages which were not given full consideration
upon the inception of the plan.
Gender Differences
Though the wish is for all students to be treated equally and to be taught the same
throughout their educational career, there are gender differences, or rather gender patterns, that
are thought to be of either one gender or the other. The social behaviors, discipline behaviors,
attitudes, and even academic expectations differ for each sex, especially as they age into upper
elementary and middle school. Puberty is a causal factor in this, but these changes start prior to
puberty. In the beginning, most children are equal in all skills physically, academically, and
socially, but this trend begins to change around the end of third grade (Freeman, 2004). This is
also the grade where students begin to rigorously learn the manipulation of fractions by using
them to solve real-world problems through addition and subtraction and, in later years,
multiplication and division.
Abidin, Mathrani, and Hunter (2017) completed a study regarding gender-related
differences in the use of technology in a math classroom, hypothesizing girls tend to see
technology as a help to learn in the classroom while boys believe the technology will increase
their learning independently. This program had many aspects, such as group learning, one-to-one
devices, and students without devices. At the onset, the boys in this study had a more positive
view of technology than the girls. The study did show students with their own devices showed
more positive results with their attitudes toward technology. By the end of this study, the girls’
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attitudes toward technology use had changed, and they were more confident in their technology
usage. They felt more confident in their ability to learn using technology (Abidin et al., 2017).
Another study completed by college-age students showed females are more likely to take online
classes than their male counterparts, showing the more familiar they are with technology, the
more they are likely to access learning via technology (Morante et al., 2017).
A study completed in 2017 of 73,318 students studied the students’ mathematic
achievement in fifth to eighth grades of both genders. Overall, there were no differences in the
students’ mathematic achievement except for one sub-group. The females in the lower SES subgroup significantly outperformed the males in the same sub-group in the fifth-grade only in the
rural school districts included in the sample (Abidin et al., 2017). The technology may have
proven to be the deciding factor in this anomaly. It may have been the beginning of the
differences due to puberty, as noted in an early study noted by Freeman (2004).
Most previous studies have found males and females are equal in their math achievement
throughout middle school years. It is during the high school and college years that males tend to
pull forward in their achievements. Girls in high school tend to downplay their ability to fit in
socially and take more classes in the English Language Arts and electives, shying away from
taking math and science classes (Freeman, 2004).
King (2016) looked at the motivation of students to learn differences with respect to their
gender in his study. During research for his study, he found most of the time, girls received
higher grades than boys in most subjects throughout all parts of the world. Female participants
outscored male language participants most often during this study (Horne, 2007; King, 2016).
King also found that females were more likely to be engaged in the lesson, come to class
prepared with materials, and complete homework. His study found no perceivable difference in
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cognitive ability between male and female students. Still, he did find implications of male peer
influence becoming a negative influence on positive school performance.
Summary
Technology has become a standard asset in classrooms throughout the United States of
America (Abidin et al., 2017). Teachers use this technology to teach students all subjects,
especially mathematics. Using programs that show students how to work with real-world
problems and where mistakes are made, giving immediate feedback, and allowing for
conversations with peers and teachers via chat applications implies the sociocultural theory is an
appropriate foundation for a study involving computer-assisted learning. The theory includes a
concept of building upon what students already know that represents a stepwise progression of
learning built on students’ previous levels of knowledge. As Xi and Lantolf (2020) discussed, the
metaphor of scaffolding should be considered, though. However, Vygotsky did not specifically
validate scaffolding, the building upon previous knowledge and being “guided” (p. 40) by
teachers and more knowledgeable peers as a way learning can be programmed. Students can
work together within social situations to learn via play, work, or whatever situation is presented.
The concept supports scaffolding learning, given the momentum for students’ development of
reflective or higher order thinking. Given the emphasis on student learning in this present study,
the zone of proximal development has a great theoretical foundation.
McCoy et al. (2016) emphasized the beneficial use of number lines, area models, and
manipulatives for students. Still, with programs and applications that are now available, the
digital version of these types of manipulatives is worth further research. The technological
advances that have happened since the beginning of the 21 st century have been remarkable.
Before this, there were a few computer programs, but they were shorter-sighted. They could not
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provide the teacher with a multitude of enrichment or remediation skills and activities for
students. These programs were supplemental and usually only skill-focused (Grandgenett, 1999).
After 2000, desktop computers became more of a staple in the classroom. Students were given
time to work on skill development while teachers were in proximity, and the student could ask
for help if needed. Now schools in Mississippi have a one-to-one ratio of laptop computers to
students. This aspect makes it possible for teachers to use the computer more effectively to teach
and use programs to engage students via video modeling, chat with students to explain skills to
multiple students, and assign independent practice to students to increase their mathematics
skills, using programs such as IXL. There are limitless ways to use this technology to enhance
students’ learning, especially in mathematics.
The studies mentioned prior also stated that students with learning disabilities find CAI
beneficial. They can practice their skills and be remediated in the general education classroom
with their peers. This inclusive practice using computer assistive instruction is helpful. The
special education student can ask a more learned peer for help if needed, as Vygotsky’s
sociocultural theory (1929/1978) suggested should happen for learning to take place.
The other factors affecting student learning with CAI are SES, availability of electronic
devices, social media distractions, and gender differences. The studies mentioned above showed
students from lower SES households were at an academic disadvantage over those in a higher
SES household. The students in this study are at an even lower disadvantage than the Mississippi
state average of 19.6% of individuals in poverty. The State of Mississippi has tried to even the
academic learning field by providing a laptop to each kindergarten through twelfth grader in the
state. The access to their own personal computer will allow the students to have access to the
programs that will provide the enrichment or remediation needed (Keane & Keane, 2018).
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Concerns about distractions, such as social media, are a truth teachers must endure. As
students age, they become more interested in social media and fear missing out on social media
posting. Therefore, they tend to continuously check these sites while in class. As students start
school in kindergarten, gender does not seem to be of concern until around the end of third
grade. This is when the girls start making better grades, and the boys become more active in
class. In multiple studies, females showed a lag in achievement using technology but excelled by
the end of the study, outscoring the males, and continuing this trend into college (Abidin et al.,
2017; Morante et al., 2017). Also, in the Abidin et al. (2017) study, fifth-grade females from a
lower SES scored significantly higher than their male counterparts from a lower SES. Other
studies have found females downplay their abilities to fit in with their peers or males, and they
also tend to take easier language-based classes, which do not show their enhanced mathematic
skills. As mentioned above, previous studies (Abidin et al., 2017; Freeman, 2004; Morante et al.,
2017) showed male and female students showed no significant differences until upper
elementary grades in mathematic achievement scores; the goal is to continue that trend using
CAI (Keane & Keane, 2018) that is engaging, instructing, and a positive experience for all
involved.
The positive outlook of most of the studies reviewed to date showed there is a good
correlation between the use of CAI and the acquisition of new skills (Xi & Lantolf, 2020).
“Computer-assisted instruction may offer more engaging activities that also function to improve
students’ math fact fluency” (Hawkins et al., 2017, p. 141). The referenced studies showed the
particularly important fact that mathematics is vital to good education. Educators should use the
information and results found by researchers to help the students in their classrooms better learn
mathematics by building upon their knowledge using computer-assisted technology. IXL is one
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of the programs that can be used for building upon their knowledge, as the practice and skill
development along with the immediate feedback when a student incorrectly answers a question
is advantageous. This feedback is helpful to the student to understand where their mistake in
solving the problem was and can continue with the next problem more confidently. Students’
understanding of fractions and using their higher-order thinking skills while using virtual
learning platforms (Finti et al., 2016) to help increase their fraction fluency and fraction
competency is a subject that needs more exploring to fully understand the impact of the
computer-assisted instruction of fractions using programs such as IXL.
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CHAPTER THREE: METHODS
Overview
This chapter includes study design, research questions, hypotheses, participants and
settings, instrumentation, procedures, and data analysis. The chapter is organized to provide a
detailed view of the methods to capture and analyze data with reliable and valid instrumentation.
Procedures are covered in-depth for easy reproducibility of the work.
Design
This study used a quantitative quasi-experimental pre-test/post-test control group design.
The design was appropriate because both groups took a pre-test and a post-test. Approximately
one-half of the students received CAI and the district-approved curriculum, and approximately
one-half received only the district-approved curriculum. The assignments to the groups were not
random. The source of the student mathematics achievement scores was archived data from the
school databases of the i-Ready diagnostic test designed to measure math skill levels (Gall et al.,
2007).
The independent variable was the mode of instruction. The independent variable was the
manipulated variable, which in this study, was the CAI (Warner, 2013). One group received
additional CAI to teach manipulation of fractions and the workbook-based curriculum adopted
by the school. The other group received non-computer-assisted instruction using the workbookbased curriculum adopted by the school only. The CAI was assignments of specific lessons using
the IXL program for fifteen additional minutes three days weekly for six weeks.
The dependent variable being measured was the student achievement as measured by the
i-Ready diagnostic assessment (Warner, 2013). The diagnostic assessment tested for student
mathematics ability level with specific attention to the fraction section scores of the test. All
students earned a pre-test score from the i-Ready diagnostic prior to the study beginning, which
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became historical data. All groups used the i-Ready diagnostic to obtain a post-test score of
ability after interventions were completed.
Research Question
RQ1: Was there a difference in mathematics achievement scores in fraction skills of 5 th
grade middle school students who received computer-assisted instruction and 5 th grade middle
school students who did not receive computer-assisted instruction, when controlling for pre-test
scores?
Null Hypothesis
H01: There was no significant difference in mathematics achievement scores in fraction
skills of 5th grade middle school students who received computer-assisted instruction and 5th
grade middle school students who did not receive computer-assisted instruction, when
controlling for pre-test scores as measured by the i-Ready Diagnostic.
Participants and Setting
The population of Jacket Middle School (pseudonym) was relatively small. The rural
school district was in central Mississippi. The entire school district population was less than
1000 students K-4 through twelfth grade. This number limited the participants to no more than
68 students involved in this study. The students involved in the study attended face-to-face
mathematic classes in the brick-and-mortar building of Jacket Middle School five days per week
from August through May of the 2021-2022 school year.
The sampling procedure for this study was convenience sampling. The enrollment of
Jacket Middle School was minimal, and each grade level varies. The sample size of this study
was 68 students, of which there were approximately equal grouping. The number of student
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participants exceeded the required minimum for a one-way ANCOVA when assuming a medium
effect size with a statistical power of .7 at .05 alpha level (Warner, 2013).
This district was in a small town in central Mississippi. The gender demographics of
Jacket Middle School were female: 120 (58.53%) and male: 85 (41.46%). The racial data was
African American 189 (92.20%), White 9 (4.39%), Asian 3 (1.46%), American Indian 2 (<1%),
and Hispanic 2 (<1%). One hundred percent of students were considered economically
disadvantaged. The demographics of the participants included 31 males and 37 females. The
study was completed in the fifth-grade math classes.
The group demographics for fifth-grade was as follows: (Group 1-Intervention) 18
females, 16 males, (Group 2-No Intervention) 21 female, 13 males. The age demographic was
accounted for during this study. The racial data for the fifth-grade was African American 64
(94.11%), White 2 (2.9%), and Asian 2 (2.9%).
The groups of this study were fifth-grade mathematics students separated into two equal
groups of approximately 34 participants each. The group formations were naturally occurring as
they were assigned for the school year enrollment. The group not receiving CAI received the
workbook-based district-approved curriculum. The group receiving treatment received CAI and
the workbook-based district-approved curriculum.
A letter was sent home to all fifth-grade parents explaining the study and that archived
data would be used for the study (Appendix A). They were told of the six-week time frame and
that no student would be identified in the study, with no student being harmed educationally as a
result of the study. Parents were given an opportunity to request their child’s data be removed
from the study data. No parent made this request.
Instrumentation
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i-Ready
The assessment used for the pre-test and post-test was the i-Ready diagnostic. The
purpose of using i-Ready for the pre-test and post-test was to measure the students’ skills in
mathematics, specifically fractional skills. The purpose of the development of the i-Ready
computerized diagnostic program, which occurred in 2011, was to provide schools and teachers
with a way to assess students in ELA and math easily and comprehensively (Curriculum
Associates, 2020).
Curriculum Associates partnered with the Educational Research Institute of America
(ERIA) to conduct a study of the correlation between i-Ready diagnostic and the 2017
Mississippi Academic Assessment Program. Data was collected from 23,000 students during the
study, which found a strong correlation between the i-Ready diagnostic scores and the
Mississippi Academic Assessment Program tests given in the spring of 2017 (Curriculum
Associates, 2020). Studies, such as Proven to Work (Curriculum Associates, 2019), boasted
positive reviews of the i-Ready program and diagnostic reliability. In Proven to Work, the
diagnostic correlation was stated to be 0.85 Cronbach alpha correlation with the Mississippi
MAAP 2016-2017 state assessment. This showed a high-reliability coefficient (Rovai et al.,
2013). This good correlation with the Mississippi Academic Assessment Program made i-Ready
an excellent choice for use with this study. as it is located in Mississippi. Reliability statistics
were discussed in several studies completed by Curriculum Associates. Studies completed by
Curriculum Associates showed effect size as determined by Cohen’s d as large in mathematics,
with 0.43 overall in grades K-8 but is 0.35 for 5 th grade. Curriculum Associates conducted an
ANCOVA analysis in mathematics, and the F statistic was F (1,39110) =986.68 with a p-value
of p<.0001. The sample size included 26,732 who received no instruction and 12,667 who
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received additional instruction. The effect size for economically disadvantaged students was
determined to be 0.45 (Curriculum Associates, 2018b).
The validity of the i-Ready diagnostic test has been considered to be high. The high
correlations between Mississippi Academic Assessment Program (MAAP) and i-Ready indicate
a good criterion-based test validity. The test measures what it was designed to measure and
accurately predicts where students will score on the MAAP. Correlations between i-Ready scores
and MAAP scores ranged from 0.76- 0.81 across grades for ELA and 0.84-0.86 for Math, with
overall correlations of 0.80 and 0.85 for ELA and Math (Curriculum Associates, 2017). The
National Center on Intensive Intervention gave high ratings to the i-Ready diagnostic. The
test/re-test reliability median coefficient for 5 th grade was determined to be 0.865. The
concurrent validity for 5th graders in Mississippi with n=3,481 is a median coefficient of 0.842
with criterion-based measures (National Center for Intensive Intervention, 2021).
The number of questions on the i-Ready diagnostic varies. The i-Ready diagnostic was
designed to begin with each participant on grade level and adjust the questioning as the
participant answered each question. If a participant responded incorrectly, the program adjusted
the questioning to a lower-level question. Similarly, if the participant answered a question
correctly, the program continued the current questioning algorithm level and presented a higherlevel question. The scoring procedures were related to how the student answered the questions
and how the logarithm determined the levels. Results of the diagnostic were presented in a
quantile measure and range, which helped determine the grade placement of the student and the
ability to compare achievement with subsequent diagnostic/testing (Curriculum Associates,
2018a). The number of questions for the diagnostics was indeterminant due to the logarithm used
in the program for the diagnostic. The program did show the student a percentage of
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completeness at any time as the logarithm determined the completeness. Therefore, the number
of questions on the diagnostic was not available. The length of time for the student to take the
diagnostic varied depending on the student. Students could take as little as 30 minutes to as long
as one hour to take the test (Curriculum Associates, 2018a).
Using a personal login to access the diagnostic test, the students took approximately an
hour to complete the i-Ready diagnostic. Scores were entirely computer-generated from student
answers and were provided in grade-level scores, a standardized score for math called Quartile,
and a numerical score that is easy for the student to interpret. The scores were compared to
national norms and are reported in percentage form in addition to the scale provided for
placement. The scale score ranges from 100-to-900. The scale scores were the scores used for the
data on the dependent variable. A score of 100 is the lowest score on the scale with a score of
900 being the highest score.
Permission to use the i-Ready Math Diagnostic Test was requested, and receipt of
approval was received on February 12, 2019, via email (Appendix B). The school district used
i-Ready for the ELA and Math placement/diagnostic tests in August, December or January, and
April. The school district released scores upon request for the purposes of this study.
Procedures
IRB application process was followed, and approval was obtained from Liberty
University in September 2021. See Appendix C for IRB approval. After a successful dissertation
proposal defense, the administrators at Jacket Middle School were contacted. Permission was
received from the Superintendent of Education from the chosen school district. (Appendix D).
Once permission was given to conduct the research, information was sent home with students
regarding the study. Permission from the students did not have to be obtained, as the data was
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historical, and the researcher had no access to the students. The researcher met with the assigned
mathematics teacher, who verbally agreed to participate in the study. She expressed knowledge
of IXL and knew how to assign lessons to students. She was, then, trained in the procedures of
the study (Appendix E).
The procedures for the study began by giving each student a participant number. This
information was only used to identify students who had completed the pre-test and post-test and
to document participation in the interventions for the assigned times in the treatment group.
Demographic data may have been collected to include gender, age to the month, and special
education status. The researcher did not know the subjects’ names at any time during the study.
The administration of the pre-test was completed in August 2021 as a scheduled
educational diagnostic at Jacket Middle School. Curriculum Associates stated (2018b) that iReady was created with an algorithm that adjusts for student abilities and provides a path to the
correct achievement level. The individually adjustable diagnostic was unique in the way the
program adjusted to the learner and specifically chose the next question depending upon the
learner’s answer to the previous question. pre-test data (i-Ready Diagnostic Score) was collected
and saved on a password-protected hard drive and on a password-protected dedicated Google
drive.
Students are familiar with the program IXL because it is a district-wide program that
students have used since the 1st grade. Information regarding the IXL program immediately
follows the procedures section. One group received IXL instruction, and one group did not
receive IXL instruction. For six weeks, the students in the group to receive the CAI were given
assignments in IXL and instruction via the workbook instruction curriculum. The group that did
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not receive CAI received workbook instruction only via the curriculum adopted by the school.
The CAI lasted for 15 minutes three days per week for six weeks.
The following describes the make-up of IXL instruction. The mathematics teachers used
independent work time to allow students 15 minutes to work on the assigned IXL fraction skills
three days per week. Additionally, the students were provided 15 minutes during their learning
strategies class to complete the 3rd day of IXL skills instruction if needed. The researcher
provided a list of fraction skill lessons the teacher may have assigned the students. The teachers
were trained on how to assign skills in IXL to ensure the teachers understood the correct way
IXL encourages teachers to assign either in person or through Google Classroom (Appendix E).
The schedule was followed for six consecutive weeks. The researcher and mathematics teacher
documented the attendance and completion of the three 15-minute CAI. Every effort was taken
to ensure all participants completed all of the sessions. Participants who did not complete the 18
sessions had their information and data removed and were not considered in this study. Students
were allowed to work on the IXL skills for only 15 extra minutes for three days each week. The
days of the IXL lessons were determined by the classroom teacher to accommodate their
classroom and school schedule. The non-computer-assisted instruction group received typical
classroom instruction of a workbook-based curriculum approved by the school system. Students
with an Individualized Education Plan (IEP) participated as any other student in the group. There
was no additional instruction for students with an IEP. They continued to receive their special
education mandated services as required by law. The researcher had access to the IXL
administrator account where data, such as time spent on skills and lessons attempted, could be
monitored to ensure compliance for each student. After the sixth week was completed, the
students were assigned the i-Ready diagnostic post-test. The post-test was conducted in early
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January 2022. Students were encouraged to complete the post-test in a timely manner, and the
entire group completed it within two days.
Data collection began immediately. Reports from the i-Ready diagnostic with data were
compared between the pre-test and the post-test scores. The researcher was provided the i-Ready
diagnostic data by the school district after the post-tests were completed. Scores were then
compared using appropriate data analysis methods.
Intervention: IXL
Paul Mishkin developed the IXL learning program to offer educational practice for K-12
students. This program tracks student performance and suggests areas where the student should
practice more. The program is also highly customizable, where teachers can provide each
individual student with an assignment that will benefit that student. IXL provides
English/Language Arts, Math, Science, Social Studies, and Spanish lessons. The program
correlates CCSS (mathematics) with the various lessons and skills to be taught in each subject.
The computer-based web program offers immediate feedback on correct or incorrect answers
(www.ixl.com).
Studies completed by IXL researchers in several states showed there are significant
increases in data to support the use of IXL in classrooms to help students become more proficient
in the subject. In 2015 and 2016 in Hawaii, IXL schools outperformed non-IXL schools across
the state by 6% in mathematics. In 2018, IXL released a study that determined that schools
where students answered just 15 more questions per student per week outperformed schools with
less IXL usage. They also determined mastery of even one additional skill per student per week
led to huge gains in proficiency scores (www.ixl.com). Other studies showed that Texas schools
using IXL outperformed schools without IXL in math, ELA, reading, and writing. Also, schools
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that used IXL for two or three years had higher proficiency than schools that had only used IXL
for one year. Schuetz, Biancarosa, and Goode completed an engagement study of IXL in 2018.
The findings of the study suggested teachers saw where the engagement of IXL usage over
pencil paper instruction did not significantly impact a student’s proficiency in mathematics, but it
is possible with continued use of IXL to help with individualization, immediate feedback, and
student independence of work would lead to mastery of the skills. IXL tracks student
performance and encourages them through progress scores and games earned. IXL offers
practice and immediate feedback to students and is customizable so that teachers can
individualize each student’s practice assignment (www.ixl.com).
The teacher can use the diagnostic piece of the program to pinpoint the student’s abilities
and assign skill practice in the areas the student needs to work on skill development. This
program has a learning piece the students use and a diagnostic and analytics section specifically
for teachers. It is designed to help the teacher discover how she can help her students increase
their mathematic skills. For the students who are self-paced or are virtual learners, they can use
the diagnostic piece for individual self-paced skill advancement. The diagnostic suggested
specific assignments for the student based on the diagnostic results. This list will continue to
change as the student progresses in their skill development. As the student is working on a skill,
the program gives immediate feedback on each problem. An incorrect answer will generate an
interactive page that explains how to correctly solve the problem and ask the student if they
understood the concept (www.ixl.com). The student can then continue with their skill
development if they answer positively. If the student answers in the negative, the program will
suggest a prior skill for the student to work on, hence scaffolding the skill to the student’s ability.
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Permission to use IXL in this study was received and included at the end of this document
(Appendix E).
Data Analysis
The data were analyzed using ANCOVA. An ANCOVA controls for differences within
the groups of students and is appropriate when using pre-test/post-test data (Warner, 2013). The
ANCOVA adjusts the post-test scores of the control group and the treatment group’s mean
scores to determine if the dependent variable is statistically significant (Gall et al., 2007). Each
subject has a pre-test and post-test score. The independent variable is categorical. The covariate,
the dependent variable, is measured on a continuous scale of 100-900 (Warner, 2013).
An ANCOVA determined whether the null hypotheses should be rejected or failed to be
rejected. The ANCOVA compared the differences in the means on the dependent variable while
controlling for the covariate (Warner, 2013). The ANCOVA, therefore, was appropriate for this
type of study. Alpha equal to .05 was used for all tests. The data was sorted and screened for
unusual scores or inconsistencies using visual analysis. A box and whisker plot were used to
identify extreme outliers.
Shapiro-Wilk was used to test the assumption of normality as it is needed for the small
sample size (Gall et al., 2007). Levene’s Test of Equality of Error Variances was used to
evaluate the variances of the sample. Levene’s test was used to evaluate the null hypothesis for
error of the dependent variable. Assumption of homogeneity of slopes, included examining
histograms of each data set for normal distribution for visual analysis of plotted lines.
Assumption of Bivariate Normal Distribution was used using a series of scatter plots testing for
linearity between the pre-test variable and post-test variable for each group, looking for the
classic cigar shape. Partial eta squared was used to determine the large effect size.
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CHAPTER 4: FINDINGS
Overview
The statistical procedure for the single research question included completing ANCOVA
results, data screening, assumption testing, and statistical analysis. This chapter consists of a
restatement of the research question and the hypotheses, descriptive statistics, and study results.
The researcher used Statistical Package for the Social Sciences (SPSS) computer software to run
the analyses.
Research Question
RQ1: Was there a difference in mathematics achievement scores in fraction skills of 5 th
grade middle school students who received computer-assisted instruction and 5 th grade middle
school students who did not receive computer-assisted instruction, when controlling for pre-test
scores?
Null Hypothesis
H01: There was no significant difference in mathematics achievement scores in fraction
skills of 5th grade middle school students who received computer-assisted instruction and 5th
grade middle school students who did not receive computer-assisted instruction, when
controlling for pre-test scores as measured by the i-Ready Diagnostic.
Descriptive Statistics
Descriptive statistics were obtained on the covariate (mode of instruction) and dependent
variables for both group (achievement scores). In Table 1, the pre-test scores mean of the
intervention group was 657.19 with a standard deviation of 87.59. The range was 514 to 869,
with 29 participants. The intervention post-test group mean was 704.64 with a standard deviation
of 93.77. The range was 536 to 886, with 29 participants. In Table 2, the pre-test scores of the
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dependent or control group mean were 657.19 with a mean of 657.19 and a standard deviation of
87.59. The range was 420 to 809, with 35 participants. The post-test scores of the dependent
group mean were 671.54 with a standard deviation of 127.33. The range was 345 to 854 with 35
participants, In Table 3, the whole group statistics are reported. The pre-test mean is 657.19, with
a standard deviation of 87.59. The median is 668, and the mode is 640, with a range of 420 to
869 with 64 participants. The post-test scores of the whole group mean was 686.25 with a
standard deviation of 114.00. The median was 700, the mode was 736, and the range was 345 to
886, with 64 participants.
Table 1
Pre-test/Post-Test Scores Intervention Group (Covariate)
Variable (by Group)

M

SD

Range

N

Pre-test Scores

657.19

87.59

514-869

29

Intervention Post-Test Covariate)

704.64

93.77

536-886

29

M

SD

Range

N

Pre-test Scores

657.19

87.59

420-809

35

Control Post-Test

671.54

127.33

345-854

35

Table 2
Pre-test/Post-Test Scores-Dependent Group (Control)
Variable1 (by Group)

Table 3
Pre-test/Post-Test Score-Whole Group
Variable
Pre-test
Scores
Post-Test
Scores

M
657.19

SD
87.59

Median
668

Mode
640

Range
420-869

N
64

686.25

114.00

700

736

345-886

64
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The following histograms consist of the frequency of scores’ information of the nonintervention (control) groups’ pre-test and post-test scores and the intervention groups’ pre-test
and post-test scores. Figure 1 shows the frequency histogram pre-test non-intervention group
scores’ grouping a 1 participant scored between 400-450; 1 participant scored 450-500; 1
participant scored between 500-550; 5 participants scored between 550-600; 4 participants
scored between 600-650; 10 participants scored between 650-700; 8 participants scored between
700-750; 3 participants scored between 750-800; 2 participants scored between 800-850 on the
pre-test. This is a total of 35 participants in the non-intervention group.

Figure 1. Frequency histogram pre-test non-intervention group.
The following histograms consist of the frequency of scores information of the nonintervention (control) groups’ pre-test and post-test scores and the intervention groups’ pre-test
and post-test scores. Figure 2 shows the frequency histogram post-test non-intervention group
scores grouping a 1 participant scored between scored 450-500; 2 participants scored between
500-550; 2 participants scored between 550-600; 4 participants scored between 600-650; 6
participants scored between 650-700; 6 participants scored between 700-750; 8 participants
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scored between 750-800; 5 scored between 800-850; 3 scored between 850-900; 1 scored over
900 on the pre-test. This is a total of 38, including the three outlier scores of participants in the
non-intervention group. There are three outlier scores between 300 and 350. They were not
included in the data analysis but were included in this frequency histogram.

Figure 2. Frequency histogram post-test non-intervention group.
Figure 3 is a frequency histogram of the pre-test intervention group displaying the scores
of the intervention group prior to receiving interventions. The scores were as follows: 4
participants scored between 500-550; 6 participants scored between 550-600; 7 participants
scored between 600-650; 3 participants scored between 650-700; 7 participants scored between
700-750; 1 participant scored between 750-800; 1 participant scored between 850-900 for a total
of 29 participants.
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Figure 3. Frequency histogram pre-test intervention group.
Figure 4 contains the frequency histogram of the post-test intervention group and displays
the scores of the participants after receiving interventions. The scores are as follows: 1
participant scored between 500-550; 4 participants scored between 550-600; 3 participants
scored between 600-650; 5 participants scored between 650-700; 7 participants scored between
700-750; 1 participant scored between 800-850, and 3 participants scored between 850-900 for a
total of 29 participants.
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Figure 4. Frequency histogram post-test intervention group.
Results
Data Screening
Data screening was conducted on each group’s covariate and dependent variable. The
researcher sorted the data on each variable and scanned for inconsistencies. No data errors or
inconsistencies were identified. Box and whiskers plots were used to detect outliers on the
dependent variable. No outliers were identified for the pre-test; however, outliers were noted on
the box and whiskers plot for post-test for the group that did not receive CAI. Three students in
the non-intervention group post-test scores were significantly lower than their pre-test scores.
The students’ difference in their pre-test and post-test score is as follows: student 46: 151 points;
student 41: 190 points; and student 34: 269 points. Considering the fact these were identified as
outliers in the box and whiskers plot and the significant decrease in post-test scores, the
researcher determined due diligent effort was not given by these students on the post-test
diagnostic. Thus, the outlier data points were not considered and were not maintained in the data
set. Figure 5 contains the pre-test scores of each group by intervention. The plot with 0 along the
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bottom of the plot indicates students who received no interventions, and the plot with the 1along
the bottom of the plot indicates the scores of students who did receive interventions. The
intervention group mean of the pre-test scores was lower than the non-intervention group mean.

Legend 0=No Interventions 1=Interventions
Figure 5. Box and whisker plot pre-test scores by intervention.
The post-test scores by intervention group are shown in Figure 6. The non-intervention
group is indicated with a 0, and the intervention group is indicated with 1. The post-test scores of
the non-intervention group showed some visual outliers on the lower end of the score range.
Outliers are indicated by O. These outlier scores were not used in the data analysis. Students 34,
41, and 46 post-test scores significantly decreased by a mean of 203 points and were considered
to have not been comparable work of the student as their pre-test diagnostic. The intervention
group did not reveal any outliers. Also noteworthy is that the mean of the post-test scores was
higher in the intervention group than in the non-intervention group (See Figure 6).
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Legend:

=outlier 0=No Interventions 1=Interventions

Figure 6. Box and whiskers plot post-test scores by intervention.
In Figure 7, the whole group of pre-test and post-test scores are indicated in the box and whiskers
plot with the line of best fit. The mean of the scores of the whole group is higher in the post-test
than in the pre-test. The outliers are seen in the post-test score as marked with a 0 (See Figure 7).

Legend:

= outlier

Figure 7. Box and whiskers plot pre-test and post-test scores whole group with outliers.
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Assumption Tests
An Analysis of Covariance (ANCOVA) was used to test the null hypothesis. The
ANCOVA required that the assumption of normality, assumption of linearity and the bivariate
normal distribution, assumption of homogeneity of slopes, and the homogeneity of variance,
were met.
The Shapiro-Wilk was used to test the assumption of normal distribution, The pre-test
was normally distributed (W=.99. p =.92), therefore there was no violation of normality in the
pre-test scores for either group. Post-test scores for the intervention group were normally
distributed, but the post-test scores for the control group were not normally distributed (W=.95, p
=.02). No additional analysis was completed as the outlier data was not used. The research
determined the data was not comparable efforts by students on the post-test diagnostic as their
pre-test diagnostic efforts. The post test of the non-intervention group univariate normality is less
than .05, therefore it differs from normal. The remaining groups are greater than .05, which
means they do not differ from normality (See Table 4).
Table 4
Test of Normality
Shapiro-Wilk
Interventions
Pre-test scores
Post-test scores

0
1
0
1

Statistic
.958
.962
.920
.978

df

Sig.
35
29
35
29

.205
.367
.014
.789

The assumption of linearity and bivariate normal distribution tested using scatter plots for
each group. Linearity was met and bivariate normal distribution were tenable, as the shapes of
the distribution were not extreme. Figure 8 contained the pre-test scores for all participants.
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Figure 8. Scatter plot pre-test scores n=64.
In Figure 9 of the scatterplots below, the post-test scores of the whole group show
linearity were met, and bivariate normal distribution was tenable, indicated by the shapes of the
distributions which were not extreme, although outliers can be seen in this figure. These outliers
were noted earlier in this chapter in Figure 6 of the box and whisker plots. These outliers were
excluded due to significant decrease in post-test scores from pre-test scores, which were
considered to be dissimilar to pre-test diagnostic score efforts. The total number of participants
was 64 after the exclusion of the three outliers.
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Figure 9. Scatter plot post-test scores n=64.
.
The assumption of homogeneity of slopes was tested, and no interaction was found where
p =.28. Therefore, the assumption of homogeneity of slope was met. The assumption of
homogeneity of variance was examined using Levene’s test. Assumption of homogeneity of
variance violations was found where p =.05. The two groups (intervention vs. control) had equal
error variances, F=1.19, p =.28. The assumption of homogeneity of variance was met.
Results for Null Hypothesis
An ANCOVA was used to test the null hypothesis regarding the mathematics
achievement scores in fraction skills of 5th grade middle school students who received CAI and
5th grade middle school students who did not receive computer-assisted instruction when
controlling for pre-test scores. The null hypothesis was rejected at an 83.197% confidence level
where F(.04,8.56)=104.26, p = .004, η2=.64.
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Table 5
Comparison of Groups
Pairwise Comparisons
Dependent Variable: posttest
Mean
Difference (IStd.
(I)
(J)
J)
Error
Sig.b
Group Group
-49.702*
17.586
.006
0
1
*
49.702
17.586
.006
1
0
Based on estimated marginal means
*. The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Bonferroni.

95% Confidence Interval
for Differenceb
Lower
Upper
Bound
Bound
-84.868
-14.536
14.536
84.868

The ANCOVA sum of squares was 218 for the post-test score of the intervention group
with a significance of 0.83197. This p-value of 0.8 indicated a large effect size. The p-value
between groups was .004, which is less than .05. This suggested there was a statistically
significant difference between the groups of the variable (See Table 6).
Table 6
ANCOVA Table

Post-test Scores *
Interventions

(Intercept)
Between Groups
(Combined)
Within Groups
Total

Sum of
Squares
218

df
1

F
0.0454

Sig.
0.83197

41116

1

8.5625

.00484

500658
288111

1
60

104.2634 9.641 e*15
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The alpha level used was .05. The covariate, method of instruction was significantly
related to the post-test scores, F(1,60)= 104.26, p<.001. Additionally, after controlling for the
effect of the pre-test scores, the intervention was significantly related to the post-test scores,
F(1,60)=8.56, p =.004. Therefore, the students who received the intervention did significantly
improve their math scores when controlling for pre-test scores. The unique contribution of
intervention was a large-sized effect, η2=.13, and the unique contribution of pre-test scores was a
very large-sized effect, η2=.64. The researcher rejected the null hypothesis.
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CHAPTER 5: CONCLUSIONS
Overview
The purpose of the study, the hypothesis, and how the literature supports the theory and
hypothesis will be discussed in this chapter. Additionally, the implication, limitations, and
recommendations for further research are also discussed.
Discussion
The purpose of this study was to explore the effect of CAI in learning manipulation of
fractions. The purpose was studied by completing a quasi-experimental pre-test/post-test control
group research design study. Exploring how CAI benefited fifth-grade students learning the
manipulation of fractions proved to be compelling. The original research group began with 68
students, though four students either did not have pre-test scores from the beginning of the
school year or their scores were exempted from the study. The scores were considered to be
outliers during analysis and were significantly lower post-test scores when compared to their pretest scores. These students were considered to not have exhibited due diligence in performing at
their best efforts on the post-test, as the mean decrease of their scores was 203 points. The
exclusion of the data sets for these four students reduced the number of participants from 68 to
64, resulting in unequal group sizes. The intervention group had 29 students, and the nonintervention group had 35 students.
As explored in the literature review, studies were found where teachers were using
computers in the classroom as technology aids and assistive technology for those who may need
the technology to participate in the class. During the last 20 years, no research has been
completed specifically using CAI to teach addition, subtraction, multiplication, and division of
fractions to fifth-graders. Prior research focused on recognition of fractions, matching similar
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fractions, and creating fractions. Finti et al. (2016) used an iPad; these iPads had an app that had
virtual manipulatives to help students learn how to work with fraction tiles, but not how to add,
subtract, multiply, and divide fractions.
Prior to the year 2000, computers were not used in the classroom as much as they are
today. Most technologies were in the form of video programs and were not interactive.
MacDonald and Caverly (1999) researched the new computer programs available in the late
1990s. The interactive qualities of the programs were mostly limited to choosing the avatar the
student wished to use as their helper. The programs mainly were preprogrammed games and did
not adapt to the students’ learning styles in any way. The purpose of these games was to alleviate
anxiety and present math in a positive light by incorporating math into a game-like atmosphere.
This resulted in more of a gamification of the computer programs than a teaching process.
Gresalfi et al. (2018) encouraged laptop use mostly to integrate technology in the
classroom environment as a passive device. Newton et al. (2019) used prior knowledge of skills
to practice using computer programs that were more fluency based. Additionally, Burghardt et al.
(2015) researched using computers to help with fact fluency and working memory. The
repetition provided was found to help increase students’ memory skills in mathematics. Results
of the study showed students with learning disabilities increased their achievement scores from
the pre-test achievement scores. Research has found that CAI helps with math fluency skills
(Burns et al., 2014; Hawkins et al., 2017; McTiernan et al., 2015).
While much of the research conducted found that CAI was beneficial for improving fact
fluency in mathematics, a gap in the research remained regarding the use of CAI to teach fraction
manipulation skills to students. These skills include addition, subtraction, multiplication, and
division of fractions.
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Results of the Hypothesis
H01: There was no significant difference in mathematics achievement scores in fraction
skills of 5th grade middle school students who received computer-assisted instruction and 5th
grade middle school students’ who did not receive computer-assisted instruction, when
controlling for pre-test scores as measured by the i-Ready diagnostic.
The results of the study showed a significant increase in the post-test scores of the
intervention group when compared to the non-intervention group. The intervention group p-value
of .831 was much higher than the non-intervention group’s p-value of .004. The intervention
group students did improve their math scores significantly when controlling for pre-test
diagnostic scores, therefore the researcher rejected the null hypothesis.
The positive results of this study correlate with many of the studies previously mentioned
and connect with Xi and Lantolf's (2020) work linking CAI to Vygotsky's zone of proximal
development (ZPD). ZPD asserted that having someone near a student to help guide them
through tasks that become challenging is critical. Xi and Lantolf found that students can
“vicariously engage” (p. 30) with support through computer-based learning activities . As
opposed to having a peer or teacher with more knowledge near the student, they proposed that a
computer-based program could provide a similar level of support. This would allow the student
to mentally think through the problem given feedback from the computer software, resulting in
their ability to physically engage with the material independently. This would mean that the
teacher does not have to physically engage with the student for the student to learn the material.
The results of the present study support those students were able to grow in their fraction skills
with computer-guided support, lending additional evidence for this theory of learning.
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Research comparing pencil and paper instruction to computer-assisted instruction in
mathematics showed students made more gains using computer-assisted instruction than pencil
and paper (Rich et al., 2017). Fokides (2018) stated that students should be “math native” (p.
851) able to learn new concepts while using a computer as opposed to using a pencil and paper
coincides with the results of this study. As teachers are using more technology in the classroom,
they are finding innovative ways to teach the required standards. Burghardt et al. (2015)
completed a study where eight-grade science students used their math skills to work required
mathematical science problems. These students, who used computers, were more likely to
increase their eighth-grade mathematic achievement skills while using their skills for their
science class purposes. The immediate feedback provided by some computer programs is an
excellent way for students to receive that proximal interaction with a teaching aspect (Wu et al.,
2017). For example, within IXL, the immediate feedback on an incorrect answer reteaches the
student how to work the problem and ensures understanding. If they do not, IXL suggests a
lower, or scaffolded, ability math problem in the area of needed skill development (IXL, 2018).
While mathematic instruction using computer-based education has shown much promise,
Childers and Lu (2017) did not find CAI very beneficial to students in their study of
developmental math college courses. The students needed more structure and accountability in
order to complete the course. Childers and Lu’s study did not provide enough supports for
students while this study provided the CAI with the teacher involvement to ensure students were
completing the required assignments. It is very important to find the right program to provide the
correct instruction delivered in the proper way for student success in the classroom.
In 2000, Craig made several recommendations regarding important considerations for
choosing instructional software. This study supports that these recommendations remain valid
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today and include: (a) focus on the content, (b) consider if collaborative or individual use is
available, (c) evaluate if the program is drill and practice, concept, or problem-solving based, (d)
determine the feedback process for students and the communication style of the program, (e)
assess student-friendliness, and (f) gauge the program's ability to support various teaching and
learning processes. Careful consideration of these factors by teachers and curriculum developers
will support the selection of software products that will benefit student learning (Eteokleous,
2007), as this study has provided additional evidence that targeted skill practice improves student
achievement in mathematics.
Implications
The implication of the current study is significant in that it found CAI for fraction skill
development is a viable intervention method for fifth-grade students. Students benefited from the
format of the teaching program, which included the reteaching of key skills after an incorrect
answer was provided by the student. The benefit of computer-based instruction goes beyond
those gained by the students, as they include benefits to the teacher as well. With students
receiving beneficial targeted instruction via technology, the teacher can then be available to work
with other students needing additional instruction. A fifth-grade teacher can use this research to
plan how to teach students the manipulation of fractions and how to add, subtract, multiply, and
divide fractions. The teacher can incorporate CAI into her daily routine through small group
centers, a differentiated instruction assignment, spiral review, homework, or an individualized
assignment for a specific skill, knowing that the time students spend on the computer will
improve their fraction skill development. School districts can use this information to target
teacher professional development for specific programs, spur CAI in individual classrooms and
motivate teachers to use programs that may already be available to them. CAI to teach fractions
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can help close the gap in the learning of fractions and the manipulation of fractions for those
students who find it challenging to learn.
Limitations
There were several limitations noted in this study. The first was the small number of
participants due to the study being completed in a rural school district. The number of
participates was limited, as the population of the general area is minimal. Future studies in this
area could include students in a larger school or students in multiple school districts. This study
only included fifth-grade students, which is a second limitation to the present study. Expanding
across grade levels would also add dimension to the study, as different standards would be taught
across the grades. The skills taught via IXL would have to be expanded to the grade level
included in the study.
The third limitation was the violation of the normality on the post-test due to three
outliers scores in the non-intervention group. The data was not included in the data analysis, but
they caused a non-normal distribution. One possible explanation for this anomaly was the
students did not put forth their best efforts at the time of the post-test assessment as they did on
the pre-test. This may have been for many reasons such as sickness, motivation, or tiredness.
One way to eliminate this issue would be to speak with the students before they take the post-test
about the importance of the results of the test.
The third limitation was the attendance issues of the students in the study. COVID-19
caused several students to miss multiple days that had to be made up in order for them to be
included in the study. Absenteeism for sickness is hard to predict, but the students could be given
an incentive for attendance during the study to encourage daily attendance, or possibly an
attendance grade could be given to the students.
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Recommendations for Further Research
Based on this research and the literature review findings, recommendation for further
research for using CAI should be completed to help fill the gap in the literature and the research.
Some suggestions on research for CAI may include:


Research in lower grade levels where fraction manipulation skills are just
beginning to be taught. In Mississippi, fourth-grade students begin adding and
subtracting fractions with the same denominator (MDE, 2016).



Consider including gender differences in the analysis if duplicating this research
study. This study did not analyze a difference in pre-test and post-test scores of
the male and female students, but several studies mentioned there may be a
difference in gender performance dependent upon age (Abidin et al., 2017;
Freeman, 2004).



Use a different intervention program to provide CAI. Researching different
intervention programs that provide CAI would be viable. A different intervention
program may provide different results.



Using a different diagnostic test may show different results. There are many
diagnostic tests that may be used. The intervention program may have a
diagnostic test included, or a researcher may find one that suits their study better.



Increasing the sample size may show alternate results. A larger sample size may
show a different result from the results of this study.



Use of cross grade levels to include multiple grade levels would be interesting. In
Mississippi, CCSS requires manipulation of fraction standards that are taught in
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fourth and fifth-grades specifically (MDE, 2012). A research study to include
both grade levels would be beneficial to the research and literature gap.
Even with the limitations of this study, the findings show there is a considerable advantage to
teachers using CAI in their classroom to teach fraction skills in fifth-grade mathematics.
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APPENDICES
Appendix A
Letter to the Parents
September 2021
Dear Fifth-Grade Parents,
My name is Rebecca Palculict and I have been given permission by the school district
administration to work with the fifth-grade mathematics teacher and fifth-grade student data in
efforts to complete my Doctor of Education.
Your child will not be identified. Only their diagnostic data of their archived i-Ready diagnostic
taken in August and the mid-year diagnostic test they will take in December 2021 or January
2022 will be used.
Prior to taking the second diagnostic, approximately one half of the students will participate in
working on fraction skills using the program IXL for 6 weeks. After taking the second
diagnostic, the other half of the fifth-grade students will use the IXL program to work on
fractions. Therefore, no students will be harmed educationally or lack in fraction instruction in
any way.
If you wish for your child’s data to be removed from the information given or for your child to
not participate, please contact your child’s teacher or principal at the school or myself at
rburkes1@liberty.edu or at 601-416-2343.
I will be glad to answer any questions you may have about the study or how the data will be
used.
Thank you
Rebecca Palculict
Liberty University Doctoral Study
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PERMISSION TO USE i-READY DIAGNOSTIC TEST
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IRB Approval
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Appendix D
School District Agreement
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Appendix E
Assigning Skills in IXL
The following is a link to the instructions on how to set assignments in IXL for students. This
method may be used for students who are in your physical classroom or in your virtual
classroom. Below is the list of skills to assign students in IXL for the duration of the study.
https://www.ixl.com/helpcenter/article/2465779/how_can_i_set_assignments_for_my_students_to_do_at_home
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